To determine whether an educational strategy using a handheld, multimedia computer (iPod TM ) is practical and sustainable for routine office-based patient educational tasks. Background: With the limited amount of time allotted to the office encounter and the growing number of patient educational tasks, new strategies are needed to improve the efficiency of patient education. Education of patients anticoagulated with warfarin is considered critical to preventing complications. Despite the dangers associated with the use of warfarin, educational practices are variable and often haphazard Methods: During a four-month period, we examined the implementation of a three-part series of iPod TM -based patient educational modules delivered to anticoagulated patients at the time of routine INR (International Normalized Ratio) blood tests for outpatients on the anticoagulation registry at an urban community health center. Findings: A total of 141 computer module presentations were delivered to 91 patients during the four-month period. In all, 44 patients on the registry had no INR checkups, and thus no opportunity to view the modules, and 32 patients had at least three INR checkups but no modules were documented. Of the 130 patients with at least one INR performed during the study period, 22 (16.9%) patients completed all three modules, 91 (70.0%) patients received at least one module, and nine (7.6%) patients refused to view at least one module. Neither of the two handheld computers was lost or stolen, and no physician time was used in this routine educational activity. Patients reported that the audio and visual quality was very good, (9.0/10); the educational experience of the patient was helpful (7.4/10) compared with the patient's previous warfarin education (6.3/10), and the computer strategy extended the INR visit duration by 1-5 min at most. Conclusions: The computer-assisted patient educational strategy was well received by patients, and uptake of the intervention by the clinic was successful and durable. The iPod TM strategy standardized the educational message, improved clinic efficiency, and helped this busy clinic meet its educational goals for patient education.
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Introduction/rationale Providing effective and efficient patient education is a challenge for office-based physicians. The amount of time allotted to the office encounter is diminishing, and the number of educational tasks assigned to the office physician is growing (Yarnall et al., 2003) . As a result, clinicians are often resigned to hurriedly offering a brochure, delegating the educational task to other busy clinic personnel, or simply leaving the educational task undone. It is not surprising that patient education in the office setting is characterized as hurried, haphazard, uncoordinated, and untargeted (Committee on Quality Health Care in America, 2001; Østbye et al., 2005; Edwards et al., 2009) .
For over a decade, it has been recognized that the multimedia computer can serve as a physician extender for patient's educational activities by offering better consistency and quality control of the educational message, and at the same time overcoming literacy and language barriers (Krishna et al., 1997; Wofford et al., 2005) . Smaller handheld multimedia computers, such as the iPod TM or cellular phone, offer a more portable delivery system for automating and systematizing patient's educational efforts than is possible with a desktop or laptop computer. Handheld computers offer clinicians the ability to move from one examination room to another, potentially enhancing clinical productivity and patient flow.
Warfarin is arguably one of the most dangerous outpatient medications (Gurwitz et al., 2003; Budnitz et al., 2007) . Education of patients using warfarin for anticoagulation is widely considered critical to preventing complications of the medication or underlying condition (Tang et al., 2003; Davis et al., 2005) . Despite the dangers associated with the use of warfarin, educational practices are variable and often haphazard (Wofford et al., 2008) . In order to standardize and improve patient's education for patients anticoagulated with warfarin in our clinic population, we created and implemented a series of educational modules for use with the handheld, multimedia computer. With the overall goal of demonstrating the feasibility of such a system in a busy clinic setting, we specifically sought to characterize whether clinic staff and patients were able to use the handheld computers, complete the educational program, and gain educational benefit.
Implementation/methods

Setting
Located in Winston-Salem, North Carolina, the Downtown Health Plaza, has provided primary care services to the community for over 25 years. This urban community health center clinic, an outpatient department of North Carolina Baptist Hospital, is staffed by over 50 physicians and midlevel practitioners from the Wake Forest University Baptist Medical Center. The Adult Medicine Clinic (DHPAMC) typically logs more than 20 000 clinic visits each year and serves a large number of medicaid and uninsured patients. The DHPAMC clinic is staffed by five nurses and five certified nursing assistants.
Anticoagulation registry
Despite the availability of a comprehensive electronic medical record, a paper-based anticoagulation registry has been used in the clinic for over three years. As is routine for any patient on warfarin, an INR (International Normalized Ratio) blood test is monitored on a regular basis in order to monitor the level of anticoagulation (Figure 1 ). An anticoagulation registry sheet accompanies the patient throughout each INR clinic visit. At the beginning iPod for Warfarin Education 43 of this patient educational project, approximately 150 patients were active members of the registry. We included all patients in the educational intervention, regardless of the duration of warfarin use. Patients may need refresher education, particularly in educational domains for which guidelines may have changed, and studies have shown that long-term warfarin patients can benefit from educational maneuvers (Fang et al., 2006; Zeolla et al., 2006) .
Data were collected for four months from 9 August to 9 January 2009, a time period that would allow stable anticoagulated patients three monthly INR checkups and one additional INR visit for the final survey.
Content development
We developed a set of three, sequential educational modules (1 -INR monitoring and management; 2 -nutrition advice for patients on warfarin, and 3 -rationale for anticoagulation). The module content was based on a previous systematic review of patient educational efforts and review of the relevant literature (Wofford et al., 2008) , on focus groups of physicians and nurses, and on pilot testing of the modules. Content development for each module on warfarin education was led by one physician champion who then recruited clinic personnel to contribute voiceovers, imagery, animation, and video. Each module was developed with a target duration of 3 min. Commercially available, consumer multimedia computer software for digital media capture and audio recording was used for developing modules. Engagement of clinic personnel at every stage of development was important for testing of the modules, maintaining focus on cultural sensitivity and low literacy issues, and accruing team spirit around the project.
Patient flow and clinic integration
After the typical INR checkup at the laboratory, the patient returns to the clinic and waits for the interpretation of and reaction to the INR result. This 5-min waiting period was recognized as an opportunity for patient education. The anticoagulation registry sheet allowed for easy viewing of past INRs, medication changes, and previously viewed modules. The nurse administered a two-to three-item survey of questions related to material covered in the previously viewed module.
With a module duration of only 3-5 min, the nurse could monitor that the device was secure and that the patient was successfully navigating the presentation, while performing other nearby nursing tasks. There was no designated area in the clinic for viewing the presentation, and the viewing most often took place in chairs located near the nurse/checkout station. The white headphones and colorful silicon device cover made it obvious to clinic personnel of the patient's activities. When the handheld computer device was retrieved by the patient, the nurse documented on the yellow registry sheet that module the patient had viewed.
Equipment and software maintenance
With an average use of five times a day in a busy clinic, the two iPod Touch TM (Apple Computer, Cupertino, CA, USA) devices with silicon covers proved durable. No damage to the two devices occurred during the four-month project, and only occasionally an individual module was accidentally deleted by an errant hand gesture. The handheld devices were prominently displayed at the central nursing station for availability and security reasons. Charging of the devices once weekly was sufficient for the entire week. The earbuds continued to function well despite routine cleaning with alcohol wipes before each patient use.
Patient acceptability
After all three modules had been completed, a seven-item questionnaire was administered by a staff clinician or nurse at the time of the next INR checkup. Patients were asked to rate their past warfarin educational experience (before viewing these educational modules (10-point Likert scale) (1 -not helpful to 10 -very helpful), as well as their experience with current warfarin modules (1 -not helpful to 10 -very helpful). Similarly, patients were asked about the sound and video quality of the videos (1 -poor to 10 -excellent), and the amount of time it took to watch the modules (1 -extended my visit to 10-did not extend length of my visit), and their interest in watching future modules on other medical conditions (1 -no to 10 -yes).
Statistical analysis
We used Bento (Cupertino, CA, USA) for data entry and JMP-SAS (Cary, NC, USA) for statistical analysis. We assessed uptake of the iPod TM strategy by comparing the proportion of patients who experienced the educational module with those eligible for the module (ie, patients who had had the INR tested). We determined the proportion of patients who completed the final survey after viewing all three modules (ie, graduated from the program).
Despite our intention to analyze responses to the questions posed before each module presentation, this data collection was challenged by (i) the inability to truly determine what the patient knew beforehand using a short survey; and (ii) the difficulty nurses experienced in performing this data collection and documentation in a busy clinic. Owing to incomplete and unreliable data, we did not analyze these data.
A major goal of the project was to assess sustainability, and practicality of clinic implementation. We did not formally assess attitudes of nurse or clinicians toward the modules, as only five nurses were involved in the intervention, and clinicians were unaware of the educational intervention. However, we did continue the intervention after data collection had stopped in order to see how long the intervention would last. We did not assess the impact of the educational intervention on subsequent INR values, or clinical outcomes such as bleeding or recurrent thromboembolic events.
Results
A total of 176 patients were active on the warfarin registry at some point during the four-month study. Twenty-nine patients were added to the registry during the course of the study. Twentyone patients had no activity (neither INR visits, nor evidence of module viewing) on the registry over the four months of the study. Chart review after the study was completed revealed that these patients had already completed warfarin therapy (n52), had transferred care to another practice or nursing home (n524), had INR monitoring performed at home or at another facility (n522), were admittedly noncompliant with INR checkups (n523), had special medical conditions (n521), no explanation was apparent (n522), or were lost to follow-up from clinic (n526). At baseline, registry patients (55% female, mean age 53.4 years (615.8)) had the following indications for anticoagulation (atrial fibrillation -33%, venous thromboembolism -45%, mechanical heart valves -10%, other -20%).
A total of 130 patients had at least one INR performed at our clinic during the for months, and 20 patients had three or more INR checkups. Of the 130 patients who had at least one INR performed and were thus eligible for a patient educational module, 91 patients (70%) experienced at least one educational module. Twentytwo patients (17%, 22/130) completed all three modules, nine patients refused to view at least one module, and eight patients had at least three INR checkups but no modules were documented. Chart review of these patients showed that four of these patients had a cerebrovascular accident, tongue cancer, or a chronic pain syndrome that interfered with their care.
On the basis on the final survey of 22 patients who completed all three modules, the audio and visual quality was reported as excellent (9.0/10). Patients reported their educational experience with the computer modules as helpful (7.4/10) compared with their previous warfarin education (6.3/10). According to patients, the handheld computer strategy extended the INR visit duration by 1-5 min at most.
Neither of the two handheld computer devices was lost or stolen, and no physician time was used in this routine educational activity.
Discussion
Reinforcement for improving educational strategies comes from accrediting bodies that mandate better anticoagulation management (National Patient Safety Agency, 2006; The Joint Commission, 2008) . Nevertheless, efforts to educate patients about anticoagulation with warfarin have not been universally implemented because of logistical challenges, and the doubts about the effectiveness of patient educational strategies (Newall et al., 2005; van Walraven et al., 2006; Wofford et al., 2008) . Our educational intervention offers one means of standardizing the educational message, better accomplishing the educational task, and improving clinic efficiency at the same time.
The sustained and successful implementation of this popular technology for the purposes of patient education in this office practice reflects iPod for Warfarin Education 45 two interwoven ideas -the systematic delivery of an educational program to all patients attending the anticoagulation clinic, and a demonstration that videos covering open 'bite-size' topics can be produced and delivered in a low-cost, patientfriendly way with minimal impact on clinic operations. We judged our project to be successful because a large number of patients viewed the educational modules with the handheld computer, the responses from the graduates of the program were positive, and as important, the new strategy was a sustained improvement over our previous educational practices. One year after data collection ended, the warfarin modules were still in use, with the same devices, and additional modules for other patient educational tasks have been created.
Compared with our previous model of computer-assisted patient education that used a stationary desktop computer in a dedicated room, the handheld multimedia computer (iPod TM ) represents a major improvement (Wofford et al., 2001 Miller et al., 2005) . The small size of the device and headphones makes the strategy less disruptive to patient flow and offers a practical means of providing a private educational experience. Furthermore, the educational device provided a visible, trendy innovation that nurses and patients were proud to take part in.
Although the novelty of the device and presentation seemed the focal point of the intervention, re-engineering clinic processes around the iPod was equally important. First, the prior existence of a registry facilitated patient identification, and provided a means of module tracking. Second, the process was reflexive, in effect, a standing order for the clinic, which did not depend on a physician's orders or actions to judge whether a patient might benefit from an educational module. The prompt to use the module was built into the patient flow of the INR monitoring process, and the intervention was carried out by the nurses. Our confidence in divorcing this educational process from usual clinical care was partly due to well-developed guidelines on educating the anticoagulated patient (Sawicki, 1999; Ansell et al., 2008) , but also because this routine educational task could easily be delegated to a computer-assisted approach. Third, we took advantage of wait times, an issue that frustrates patients and providers alike, by providing a meaningful activity (Anderson et al., 2007) .
The limitations of our study deserve discussion. First, it is painfully obvious that not enough INR checkups were done. It could be argued that time might have been better spent tracking patients who did not appear on time for their INRs than on patient education. Had we extended the time of the study, we undoubtedly would have captured and graduated more patients through the educational series. However, noncompliance with INR monitoring is common and is as high as 30% in some studies (Kimmel et al., 2007) . Second, we did not assess baseline knowledge, and measuring knowledge at each stage of the process was challenging; this was attributable to the limited nursing manpower and the fast pace of care in this clinic, but also because discerning previous knowledge from that learned from the intervention alone is difficult. Given the older age and comorbidities of patients with indications for anticoagulation, such an intervention might have different effectiveness in younger, more electronically sophisticated or less sickly patient populations. Finally, the observational design, lack of a control group and focus on educational rather than clinical outcomes also limits the strength of the conclusions that can be drawn.
The best means of providing relevant patient education in the office will continue to evolve with changing technology and communication preferences. Whether medical professionals are able and willing to keep up with these changes may determine how relevant they are in patient's clinical decisions (Blumenthal, 2002; Hawn, 2009) . Additional studies including randomized controlled trials and or cost-effectiveness analysis are needed for better proof of whether these efforts at patient education can also translate into improvement in clinical outcomes for patients.
